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The purpose of this research is to show three dimensional (3D) images of high
frequency electromagnetic wave propagations, which are used in radio communications, etc., using the data
acquired by the live electrooptic imaging (LEIl) camera and/or computer simulations.

The electric vectors (the origin of the electromagnetic waves) and the electromagnetic wavefronts are
successfully visualized by arrows and surface models in 3D space on a 3D display. For practical examples,
the electric vectors near the strip line, propagating high frequency signals, are shown as 3D arrows and
the electromagnetic wavefronts, emitted from the antenna, are shown by the surface models. These results
were demonstrated at the MICROWAWE WORKSHOPS & EXHIBITION (MWE) 2014 university exhibition that was open
to the general public. These demonstrations show the effectiveness of this 3D imaging approach for
electromagnetic waves.



B XL C—19, F—19,.

1. AFZEBRAE S D =

B AGHE e E OBRIEEN RS ORKE T % H
BOICIEET 21213, BGEBRAG2TH D,
’@io&i&i ~AfruaEarR—xrr

axat, fRNT, MBERWrAE L < e
ék%ﬁéné Fo. BEMHF L IERES 20
— N DB BV G O PR 2 R D B — B
LA,

B I = L—3 g UL, BRI ENER
BORNTIZE L DEBEFFOAN 72 FIET
bV, BREEEBH SR ERGET S -TIETDH
b5, L, BRI, Rz L TX
ETIVOMREE, RAECFMZEZET 2548085
5omﬁ\%&m%mmtﬁ1£&@&mw
OFMFIELE LT, ERALF (Electrooptic
(F0)) R EZIGHLZER 70 —71], F
7o, WOt (Magnetooptic (MO)) ZhR %
JGH LR 7o —7 RINERME ST
DO, IO F L TEME BB G OME %
BAE-DICETe—7 02 RTEENDVE
L0 MYBILICIX R R ORIE S MLEE L 72
Do

ZAucxt LT, WA ERE DI ERIEENEL
G % HRFH] TG B T 2 E B L OV FIE
MBI LZ03]-[4] (¥ 1), ZoE
BEBRIATEHRLTND, BROBESST
2T T AT S & o 7o tRjts 23 F2E
THH “Cé?;é

5. Bl ZBWTIX 3%t (Three
Dimensional (SD)) BN EE L 22oH D,
3D 7 L EIZHOWTIE, #ELKE TOERIZ
IR S ) | T DRSO R HEFE L,
7 4 A7 LA OEHRICZ 2 5 3D
T X DAFRIESTHD, ZoORMIZ, &
RBAGIZxF LTC 3D BAREEAT LR L
THHATH D,

BRI EIH R BT, 3RTDEHES
FOBART MR 3R ITZERMNIT A LI
Wﬁm¢éo:®§ﬁm U D 1 A A

\CFRRT D PFIESOEGE TR VA, #F5ER
FHDOFBHIRY 3D RAREAT O 5 [5] 13
NTH D, EERITHRE LI R~DmEH I
DONTITERE L Bbih b,

Image sensor
w. DSP (fis)

Reference signal

[Fe]]

==\

RF synthesizer fie
fiolN —— ¢ccb

PBS 1 image

AT

source |
Polarization controller
EO plate

Synthesized sweeper fre  Sapphire plate

X 1 BRI AT ORERK

A =780 nm

2. WHEDOHBY

AWFFRIL, ERIECTFERA IS L CEJE R
ERAEERGH CBSETIEETHLIERD
AFGREHARA T I 2L —ra ik 0ED
NieT — & 230, &8 BRI BB 5 % %)

Z—19 (&

1)

R 3D MBERT L FEORBEELHIE L
L7z,

3. WFgEo ik

X 2 (LT EH SO 3D MG ER TIEZ
RY, BRI AT THEAG LIZENMRG T —H
FEvIalb—varyTF—2n53RT
oL a—HT T 7 4 v (3DCG: Three
Dimensional Computer Graphics) %% &
ML ChAEARABE (M) Z/ERT 5, 2
ICDEZFDODATI T A —~w MIEEE
W LEMPMERGELH D,

AFHEERR 3D E=4, BLOI T 7 1 v
77 by T EIER LU TANEZED 5
ZEEBRFLIRER, AT —RD T T
7477 bUxTT openGL ZHW TG
AT FAD 3D F=XIZFKRTHHEE~
A 7a Y7 D directX Z HVT NVIDIA
DT T T 4y 7 R— REEET DY

¥ AATFXHFAOIDE=HITERT D
ﬁff@ ODHIENFLETHDH Z &N h
STz, MEZRE L, BXE, BBOE
GPEOB S ORI 2RI LT,

E,
o w5 [ab—vay 73]

E,(x,y,2,1)

ROML(A), BE || B8R 5719A(30G)&E>T
BWEHER ATLFRIEYY3D(S3D) BRI E £ AL

- = =RE:
: lgm@,ﬁu@ DR FIHLEE
—. @iﬂ#ﬁﬂ i

2 3D MG DOVER

4. WF7EEE

2 CIEERIE BB O H 1= I R os Fik
E LT 3D MGEFRREMA Lo RIZONT,
HARRZFERONC L 0 s+ 5,

()T v AT 2T F 06 OB
(B iR )
M31ZARNYFTLAT T F D OEWK
BE OB TH D, R (a) IZxHRE Lzt
FTVAT VT FHFOEEERT, T4

Patch array

L@ TLAT T

(b) £
X3 T LAT T FontOEBRMO
RS (PR R)

(a) 74



RO~TET 17X 1Tmm?, f# % O/8y FO~FE
% 5X5mm*, {55 /E AL 18GHz TH D, [F
Kb, Ialb—a rOMMHET—F 0
S (ENAHE) 2 FERkT 5 2 & CrERK
L7 3DMfE 1 7 L— ADELARESETH D,
AU K0 PEVMRIR ORI AR, BlSLR
NEZ 5Tz,

Ak, ABFFEOREIE, 3D £=4 1T 3D
Mg L LTEREINDILOZBIETH L
W& SRR, BLFEBICARET DRk
VERZGD O TH DN, Hi & AV 5
HOHRIR B, RO TR G & D THRAEG
. A baARt (AEBR®B) AW TRER
EWET D,

Q) ~A 7 v xR v THREEDE SAGH
WX DI EERNRY ML (RAIFRR)
BRI BB R ICBIT DER T bV E
BN EBIT A 1L LT 3D KANCEH L.
ZORAFEOHEAERRT-, L T~A 71
AU TR OE Sl e x5 L Le 3D
RENEBE 1 7 L — ADOLELAZEREN 4
(R, REIOR SITER@E s+ 5,
X521, ERESROA N RBERT,
HERAT T TOERRZ ML D 3R ITHI 7R ZE
OB RN LV ESITHEREIND,

. W
(a) £ifg (b) £

4 LA 7R RO
15 BAGIRIC X DT ER 7 b OIRES

(RHEIZTR)
0 271 /5
>
67r/5 8n/b

K5 LEYA 7R RO
& 5 ERC X AT EERNT DB
(hLFEERR)

(3) B i 7> B R S 2 BRI DO AG )
(RENZFR /W R)
ZEEikIE 2 3D REIF R LB b ER L
7o X1 61X WR-10 3 7 7 o P hmsimi B 12
D S5 100GHzZ EDFESR~7 ~LE 3D
KHIFBTHZ & CIER LB 1 71—
LDIEFAREBRTH D, il &[RRI RO
FSFERRE AT D, ZonokEN
HEEGLLOD, BRI MLOJEEZ
D 3 WITHI IR EAL DRI DV TR R e

(a) £ (b) £
X 6 AEJRE s 2> D B S 42 BRI O
BRANT L ORER CREIFER)

-9 =9

(a) %4 (b) £
7 SR S 20> S B S D BRI O
Bl (FmEmr)

WINTe, Foo KM TS D mEER
o LT, RFRITiER, 3D REIF R &A%
% 3WITHIE AR LT 5,

(4) FEt
WHERERHNFRE NS ZODFIET
3D R AR T, W RR TIXERONAETE
WMOBE N, BRBEZ A TRETH
FiEbEZ BN, BROMEE (AFRR L
A TH, BRI ML (BRSO DKRE X)
DOERITKDNTND, 5, KEIOFF T
BHRT MO E %E, REIOE X CTERE
JEEFRTTIEL, BRY FAOEFEROET
o, RABEEICHKINELS, 22T
AL, FRRZ Y » R EosSizRlT
HERNRT MVERAITHIN =N, 770 v R
MIRITHMIZS D CHRESI NI RETH B,
Fo. AEMBETAERTELEZLOND,
WIZ, BXRE, fRMT, HEEZW, BEW R
R EDREEICR TR T_REERN RS &
EZzbND, ZZTRLEANZ. W< oo
R E D, SRITHNEATRLORRTE
BT T 5,

< 5| H3THk >

[1] K. Yang, G. David, J.-G. Yook, I.
Papapolymerou, L. P. B. Katehi, and J.
F. Whitaker, ”“Electrooptic mapping
and Finite—-Element Modeling of the
Near-Filed Pattern of a Microstrip
Patch Antenna,” IEEE Trans. Microw.
Theory Tech., 48, 2, pp. 288-293, Feb.
2000.

[2] E. Yamazaki, S. Wakana, H. Park, M.

Kishi, and M. Tsuchiya,
“"High-Frequency Magneto—Optic Probe
Based on BiRIG Rotation



Magnetization,” IEICE Trans.
Electron., E86-C, 7, pp.1338-1344,
Jul. 2003.

[3] M. Tsuchiya and T. Shiozaw, “Photonics
Makes Microwaves Visible,” Research
Highlights, IEEE Photonics Society
Newsletter, 26, 6, pp. 9-17, Dec. 2012.

[4] M. Tsuchiya, K. Sasagawa, A. Kanno,
and T. Shiozawa, “Live Electro—Optic
Imaging of W-Band Waves, ” IEEE Trans.
Microw. Theory  Tech., 58, 11,
pp. 3011-3021, Nov. 2010.

[6] ROJIHE—RE, BHZ, "SRR Ok
KB, BFRAERSE, =7 hr=7
A TR CHE 1, pp. S-23-S-24, Mar
2008.

5. EARRERE

UdEssamsc) (B34

[1] M.  Tsuchiya and T.  Shiozawa,
“Experimental Visualizations and Wave
Vector Characterizations of Bloch
Functions in Microwave Metamaterial
Structures,” Appl. Phys. Express, 6,
072602, pp. 1-4, July  2013.
DOI:10. 7567/APEX. 6. 072602 (£ HiA)

[2] M.  Tsuchiya and T.  Shiozawa,
“Phase—Space Analyses of
Electrooptically Visualized 100 GHz
Waves Employing Complex Phasor
Images,” Appl. Phys. Express, 7,
032401, pp. 1-4, Feb. 2014.

DOI1:10. 7567/APEX. 7. 032401 (&HA)

[3] M.  Tsuchiya and T.  Shiozawa,
“"Polarization States Imaging of
Electromagnetic Wave,” Appl. Phys.

Express, 7, 062501, pp. 1-4, May 2014.
DOI:10. 7567/APEX. 7. 062501 (& HA)

(Fa¥k) Gr1 24
[1] M.  Tsuchiya and T.  Shiozawa,
“Experimental Visualization and Group
Velocity Evaluation of Wave Packet on
Left-Handed  Transmission  Line,”
Digest of IMS’ 12, WEPR-1, June 2012.
(F#eA)

[2] M. Tsuchiva and T. Shiozawa, “Live
Electrooptic Imaging for Visual
Observations and Phase Velocity

Evaluation of Internal Backward Waves
in Two—Dimensional DNG Metamaterial, ”
Proc. 2012 IEEE ISAP and USNC-URSI
National Radio Science Meeting,

[3]

[4]

(5]

(6]

[7]

(8]

[9]

[10]

IF52. 12, July 2012. (&EFHAH)

M. Tsuchiya and T. Shiozawa,

“Real-Time Video—Accesses to Internal,
External and Surface Microwaves in and
around a Two—Dimensional Metamaterial
Sample by Live Electrooptic Imaging, ”
Proceedings of the Metamaterials 2012
Congress, pp. 218-220, Sep. 2012. (&
)

M. Tsuchiya and T. Shiozawa, “Live
Electrooptic Imaging of K-Band
Switching Actions and Parasitic
Phenomena in MMIC Module,” Proce. of
42nd EuMC, pp. 987-990, Oct. 2012. (£
)

M. Tsuchiya and T. Shiozawa,
”Space—Domain Microwave
Reflectometry using Electrooptic
Imaging,” Asia—Pacific Microwave
Conference 2012 (APMC2012), 3C3-04,
pp. 685-687, Dec. 2012. (##HA)

RS, mmEs, HEBEIL, "B
e % ZRERIELER 5 2 BB 57,
ML 2 i ), BCT2013-34, Vol. 37, No.
6, pp. 23-28, Feb. 2013

M. Tsuchiya and T. Shiozawa,
"Wavevector Mapping for Antenna

Emission by Fourier Transform of
Complex Electrooptic Images,” Proc.
2013 IEEE ISAP and USNC-URSI National

Radio Science Meeting, pp. 610-611,
July 2013. (&E#HA)
M. Tsuchiya and T. Shiozawa,

"Wave—Vector Analyses for Bloch Waves
in Two—Dimensional Metamaterial
Sample using Electrooptically Derived
Complex Phasor Images,” Proceedings
of the Metamaterials 2013 Congress,

Sep. 2013. (&EHA)

WRMES, mmEE, LRESL, "Eik
frifl D FERFRE] 3 DB F RIS T,
3D, Vol. 28, No. 1, pp. 152-158,
Mar. 2014.

M. Tsuchiya and T. Shiozawa,
“"Electrooptic Imaging of Near—Field
Electric Vectors Rotating over

Side-Fed Planar Spiral Antenna,” Proc.
2014 TEEE ISAP and USNC-URSI National
Radio Science Meeting, pp. 299-300,

July 2014. (&FiA)



[11]M. Tsuchiva and T. Shiozawa, “High
Accuracy Electorooptic Imaging of
Aerially Propagating 100-GHz Wave,”
Proc. 2014 IEEE ISAP and USNC-URSI
National Radio Science Meeting, pp.
301-302, July 2014. (#FHA)

[12] R PES, EHAE, LEELL, "&ER
HA TG LD KA FHRER AT v
N7 LA OEMERAT, 7 2015 5 FRE
2, B-1-51, JBIE#BEERCE 1, p. 51,
Mar. 2015

(£ Dfh)
NN
[1] http://www. cn. kagawa—nct. ac. jp/ shi
ozawa/index. html

[2] http://lei—camera.nict. go. jp/

6. AR

(D) W A

YR B&JA (SHIOZAWA, Takahiro)

T @ EHEM PR -
WERY bU—7 T5F - #f%

95 %5« 20455166

(2) EHEMF TR
MEEF G
+E E3L (TSUCHIYA, Masahiro)
PRNEATBOE NG Wl (5 W Forns -

Y MU —285ERT - EEMFEE
WoeE S« 50183869

) WrEt 11
(i T2 (YAMADA, Chihiko)
ATH AR TEKRZ, JumhREIRIEE RS 4E

g 7 (SATO, Atsushi)
FIEVASSN S A VYA & 2 Ve Sl
VAT LBHFEER - EE



